A study of the behavioural response of whales to the noise of seismic air guns: Design, methods and progress by Cato, Douglas H. et al.















)RU PDQ\ \HDUV WKHUH KDV EHHQ ZLGHVSUHDG FRQFHUQ
DERXW WKH HIIHFWV RI WKHQRLVHRI KXPDQDFWLYLWLHVRQPDULQH
PDPPDOV SDUWLFXODUO\ ZKDOHV 7KLV KDV OHG WR D VXEVWDQWLDO
DPRXQWRI UHVHDUFKDQG DVD UHVXOW IDUEHWWHUXQGHUVWDQGLQJ






DEHKDYLRXUDODFWLRQ LV LQ UHVSRQVH WRQRLVHH[SRVXUHRU MXVW
SDUWRIQRUPDODFWLYLW\LVGLI¿FXOW,WLVJHQHUDOO\UHFRJQLVHGE\










KXPDQ DFWLYLWLHV DW VHD 7KHVH JHQHUDOO\ UHTXLUH DFWLYLWLHV
WR EH PDQDJHG DFFRUGLQJ WR FHUWDLQ JXLGHOLQHV DQG YDULRXV
PLWLJDWLRQ PHDVXUHV WR EH HPSOR\HG 7KH OLPLWDWLRQV LQ WKH
VFLHQWL¿F NQRZOHGJH RQ ZKLFK WKHVH PHDVXUHV DUH EDVHG
KRZHYHUPHDQVWKDWWKHUHLVVLJQL¿FDQWXQFHUWDLQW\DERXWWKH
HIIHFWLYHQHVVRIWKHJXLGHOLQHVDQGPLWLJDWLRQ0DQDJLQJWKLV
XQFHUWDLQW\XVXDOO\ UHVXOWV LQJUHDWHU OLPLWDWLRQVRQDFWLYLWLHV
WKDQ PLJKW EH WKH FDVH ZLWK EHWWHU NQRZOHGJH ZLWKRXW
QHFHVVDULO\ SURYLGLQJ DGHTXDWH SURWHFWLRQ RI ZKDOHV +HQFH
ZHQHHGQRWRQO\WRLPSURYHRXUXQGHUVWDQGLQJRIWKHLPSDFW






DQG EXLOG XS WR WKH QRUPDO RSHUDWLRQDO VRXUFH OHYHO RYHU D




7KH FRQFHUQ DERXW WKH HIIHFWV RI WKH QRLVH RI KXPDQ DFWLYLWLHV RQPDULQHPDPPDOV SDUWLFXODUO\ZKDOHV KDV OHG WR D
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H[SHULPHQWDOHYLGHQFHWRVKRZWKDWWKLVLVHIIHFWLYHLVODFNLQJ
7KLV SDSHU GLVFXVVHV KRZ ZH DUH DSSURDFKLQJ WKHVH
FKDOOHQJHV LQ D SURMHFW NQRZQ DV %5$+66 %HKDYLRXUDO
5HVSRQVH RI $XVWUDOLDQ +XPSEDFN ZKDOHV WR 6HLVPLF
6XUYH\V $OWKRXJK LW DGGUHVVHV WKH UHVSRQVH RI KXPSEDFN











SODQ RI %5$+66 WKH H[SHULPHQWDO GHVLJQ WKH DSSURDFK WR
DQDO\VLVDQGWKHH[SHULPHQWVFRQGXFWHGVRIDU
7KHVWXG\RIWKHHIIHFWVRIQRLVHRQZKDOHVLVLQWHUGLVFLSOLQDU\
FRYHULQJ D UDQJH RI WKH ELRORJLFDO DQG SK\VLFDO VFLHQFHV
$QLPDO EHKDYLRXU PDPPDO KHDULQJ DQG DXGLWRU\ SHUFHSWLRQ
SRSXODWLRQG\QDPLFVPDULQHPDPPDOELRORJ\RFHDQDFRXVWLF
SURSDJDWLRQ DPELHQW VHD QRLVH VRXQG JHQHUDWLRQ DQG VLJQDO
GHWHFWLRQDUHVRPHRIWKHGLVFLSOLQHVWKDWQHHGWREHGUDZQRQ
7KH LQYHVWLJDWRUV LQYROYHG DOVR QHHG WR EH YHU\ H[SHULHQFHG



















WUDXPD DQG GHDWK >@ ,W LV DSSDUHQW KRZHYHU WKDW WHPSRUDU\
WKUHVKROGVKLIW776LQKHDULQJVHQVLWLYLW\LVSRVVLEOHIRUDUDQJH
RIVRXUFHVDQGFRQGLWLRQVEDVHGRQZKDWLVNQRZQDERXWWKHQRLVH
H[SRVXUH OHYHOV UHTXLUHG WR LQGXFH776DQG WKHH[SHFWHGQRLVH




RI H[SHULPHQWDO VWXGLHV ZLWK VPDOO ZKDOHV HJ GROSKLQV DQG
VHDOVLQFDSWLYLW\UHYLHZHGLQUHI7KHVHVKRZDFRQVLVWHQF\
















SHUPDQHQW KHDULQJ GDPDJH VHH IRU H[DPSOH WKH$XVWUDOLDQ
6HLVPLF*XLGHOLQHV DQG WKH EDFNJURXQG SDSHU WR WKHVH >@
0DQDJHPHQW UHTXLUHV REVHUYDWLRQV RIZKDOHV LQ WKH YLFLQLW\
RIWKHVRXUFHYHVVHODQGVXEVHTXHQWVKXWGRZQRIWKHVRXUFH
RU UHGXFWLRQ LQ VRXUFH OHYHO ZKHQ ZKDOHV FRPH ZLWKLQ D
SUHVFULEHGGLVWDQFHEDVHGRQDYRLGLQJ776
%HKDYLRXUDO UHVSRQVHV RI ZKDOHV WR QRLVH FDQ RFFXU DW
PXFK ORZHU OHYHOVDQG WKXVDW VLJQL¿FDQWO\JUHDWHUGLVWDQFHV
WKDQKLJKOHYHOHIIHFWVVXFKDV776)RUH[DPSOHKXPSEDFN
ZKDOHV KDYH EHHQ IRXQG WR UHDFW WR SOD\EDFN RI WRQHV HYHQ




*HQHUDOO\ KRZHYHU LW LV DFFHSWHG E\ VFLHQWLVWV DQG
UHJXODWRUVWKDWWKHEHKDYLRXUDOUHVSRQVHVRIFRQFHUQDUHWKRVH
WKDW DUH OLNHO\ WR KDYH ORQJHU WHUP ELRORJLFDO FRQVHTXHQFHV
6XFKUHVSRQVHVDUHXVXDOO\UHIHUUHGWRDVEHLQJ³ELRORJLFDOO\
VLJQL¿FDQW´ )RU H[DPSOH LI DZKDOH VKRZHG D UHDFWLRQ WKDW
ODVWHG IRU D VKRUW SHULRG EXW WKHQ UHVXPHG QRUPDO DFWLYLWLHV









'HWHUPLQLQJ ZKDW UHVSRQVHV DUH ELRORJLFDOO\ VLJQL¿FDQW
IRUZKDOHVLVYHU\GLI¿FXOW$ZRUNLQJJURXSRIH[SHUWVXQGHU
WKHDXVSLFHVRIWKH1DWLRQDO5HVHDUFK&RXQFLORIWKH1DWLRQDO
$FDGHPLHV RI WKH86$H[DPLQHG WKLV LQ GHSWK WR GHWHUPLQH
KRZUHVSRQVHV WRQRLVHPD\UHVXOW LQELRORJLFDOO\VLJQL¿FDQW
HIIHFWV>@7KH\SURGXFHGDIUDPHZRUNRIDPRGHONQRZQDV
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KDV OLPLWHG HIIHFWLYHQHVV LQ ELRORJLFDO H[SHULPHQWDWLRQ
,QGLYLGXDO DQLPDOV RI WKH VDPH SRSXODWLRQ YDU\ LQ WKHLU







LQ WHUPV RI D VWDWLVWLFDO GLVWULEXWLRQ RI LQGLYLGXDO UHVSRQVHV
ZKLFKLVDVVXPHGWREHUHSUHVHQWDWLYHRIWKHZKROHSRSXODWLRQ
,Q DGGLWLRQ WKH H[SHULPHQWV DUH FRQGXFWHG ZLWKRXW WKH
VWLPXOXVEXWRWKHUZLVHLGHQWLFDOLQHYHU\ZD\SRVVLEOH7KHVH
DUH UHIHUUHG WRDV WKH³FRQWUROV´$VVHVVPHQWRI WKHUHVSRQVH
LQYROYHVDVWDWLVWLFDOFRPSDULVRQRIWKHUHVSRQVHGLVWULEXWLRQV
IRUWKHVWLPXOXVZLWKWKRVHIRUWKHFRQWUROV7KHWHUPLQRORJ\






DV776 FDQ EH FORVHO\ UHODWHG WR UHFHLYHG VRXQG OHYHOV DQG




ZKHWKHU LW UHDFWVPD\ QRW EH VLPSO\ UHODWHG WR WKH UHFHLYHG
VRXQG OHYHO 7KH DFRXVWLFDO FKDUDFWHULVWLFV RI WKH UHFHLYHG
QRLVH HJ VSHFWUDO VKDSH GLVWULEXWLRQ RI HQHUJ\ DFURVV WKH
IUHTXHQF\ EDQG PD\ DOVR EH D VLJQL¿FDQW IDFWRU EXW WKHUH
LVDUDQJHRIQRQDFRXVWLFIDFWRUVWKDWPD\DOVREHLPSRUWDQW
,IIRUH[DPSOHZKDOHVUHDFWLQRUGHUWRDYRLGWKHVRXUFHWKH
UHVSRQVHPD\GHSHQGRQKRZFORVH WKH VRXUFH LV DQGZKLFK
ZD\ WKH VRXUFH LVPRYLQJ UHODWLYH WR WKHZKDOH &RZVZLWK
FDOYHVDUHPRUHOLNHO\WREHVHQVLWLYHWRDQWKURSRJHQLFQRLVH
WKDQPDOHV DQG WKXVPRUH OLNHO\ WR UHDFW HVSHFLDOO\ LI WKH\
LQWHUSUHW WKH QRLVH DV D WKUHDW 7KH DPRXQW RI EHKDYLRXUDO

























RQ ZKDOHV DUH SDUWLFXODUO\ FRPSOLFDWHG DQG H[SHQVLYH 7KH
ORJLVWLF GLI¿FXOWLHV RI VWXG\LQJ ZKDOHV OLPLW WKH DPRXQW RI
REVHUYDWLRQV WKDW FDQEHPDGHDQG WKXV WKH VDPSOH VL]H WKDW
FDQEHREWDLQHGLQH[SHULPHQWVIRUUHDVRQDEOHFRVW7KHQHHG




,Q RUGHU WR GHWHUPLQH WKH VDPSOH VL]H UHTXLUHG LQ WKH




WKH VDPSOH VL]H UHTXLUHG IRU D KLJK OLNHOLKRRG WKDW LI WKHUH
ZHUH UHDO UHVSRQVHV WKHVHZRXOG EH DSSDUHQW DV VWDWLVWLFDOO\
VLJQL¿FDQW UHVXOWV LQ WKH DQDO\VLV:H KDYH FKRVHQ D VDPSOH





DQG RWKHU DQWKURSRJHQLF VRXUFHV LV WKH KXPSEDFN ZKDOH
7KHVHPLJUDWHDQQXDOO\EHWZHHQWKHLUIHHGLQJJURXQGVLQWKH
6RXWKHUQ2FHDQDQGWKHEUHHGLQJJURXQGVLQVKDOORZWURSLFDO
ZDWHUV ZLWKLQ WKH *UHDW %DUULHU 5HHI RQ WKH HDVW FRDVW DQG
WKH1RUWKZHVW6KHOIRQ WKHZHVWFRDVW >@'XULQJ WKHLU
PLJUDWLRQV WKH\SDVVDORQJ WKHHDVWDQGZHVWFRDVW OLQHV IRU
WKRXVDQGVRINLORPHWUHV7KHVHDUHWZRVHSDUDWHSRSXODWLRQV
DQG WKH ODWHVW HVWLPDWHV RI SRSXODWLRQ VL]HV ZLWK 
FRQ¿GHQFHLQWHUYDOVLQEUDFNHWVDUH±
IRUWKHHDVWFRDVWLQ>@DQG±
>@ DQG   ±  >@ ERWK IRU WKH ZHVW
FRDVWLQ7KHVHDUHOLNHO\WREHVLJQL¿FDQWO\ODUJHUQRZ
LI WKH ORQJWHUP LQFUHDVHV RI EHWZHHQ  DQG KDV EHHQ
VXVWDLQHG7KHUHLVVXEVWDQWLDOLQIRUPDWLRQRQPDQ\DVSHFWVRI
OLIHKLVWRU\DQGELRORJ\VXFKDVELUWKUDWHDQGDJHWRPDWXULW\
REWDLQHG IURP WKH H[DPLQDWLRQV RI WKRXVDQGV RI LQGLYLGXDOV
RI WKHVH SRSXODWLRQV DW ZKDOLQJ VWDWLRQV GXULQJ WKH  WR
 ZKDOLQJ SHULRG >@ 7KHUH KDYH EHHQ PDQ\ VWXGLHV
RI WKH DFRXVWLFV DQG EHKDYLRXU IRU ERWK HDVW DQGZHVW FRDVW




UHVSRQVHV LQ WKH FRQWH[W RI QRUPDO EHKDYLRXU$Q DGYDQWDJH
RIZRUNLQJZLWKPLJUDWLQJZKDOHV LV WKDW QHZZKDOHV FRPH










7KH DLU JXQV LQ WKH DUUD\ DUH VSDWLDOO\ VHSDUDWHG DQG ¿UHG
FRKHUHQWO\ WR GLUHFW WKH HQHUJ\ GRZQZDUGV EXW D VLJQL¿FDQW
DPRXQW DOVR UDGLDWHV QHDU KRUL]RQWDOO\ LH WRZDUGV D GLVWDQW







QDWXUHRI WKH VWLPXOXV >@ ZKHUHZHGHFUHDVH WKH ULVN WKDW
EHKDYLRXUV REVHUYHG DUH RQO\ LQ UHVSRQVH WR RQH SDUWLFXODU
VL]HRUW\SHRIDLUJXQDUUD\DQGDOVRDOORZVXVWRXQGHUVWDQG







VWHSV&RQVLGHUDEOHDQDO\VLVZHQW LQWR WKHGHVLJQRI WKHDUUD\
XVHGIRUIRXUVWDJHVRI UDPSXS)LUVWO\ WKLV LQYROYHGDQDO\VLV

















WKHLU VRXQGVKDYH IUHTXHQF\DQG WHPSRUDO UDQJHV WKDW DUHRI




LQ UHFHLYHG OHYHO W\SLFDOO\ XVHG LQ UDPSXS:KLOH ZHPD\
QRW KDYH WKLV LQIRUPDWLRQ IRU KXPSEDFNZKDOHV WKHUH LV QR
UHDVRQWRVXJJHVWWKDWWKHLUGLVFULPLQDWLRQDELOLW\VKRXOGGLIIHU
VLJQL¿FDQWO\ IURPWKDWRIRWKHUPDPPDOVVR WKDW WKH\ZRXOG
QRWLFH VXFK VPDOO LQFUHDVHV LQ VRXQG OHYHO )RU WKH DERYH









$OWKRXJK VHLVPLF DUUD\V DUH SKDVHG WR GLUHFW PRVW RI
WKH HQHUJ\ GRZQZDUGV WKHUH ZDV QR QHHG IRU WKLV LQ WKH
H[SHULPHQWDODUUD\,QGHHGLWLVEHWWHUWRDYRLGDQ\GLUHFWLRQDOLW\
LQ WKH UDGLDWHG VRXQG EHFDXVH WKDW ZRXOG LQWURGXFH DQRWKHU
YDULDEOH 2XU PRGHOOLQJ VKRZHG WKDW WKHUH LV GLUHFWLRQDOLW\





WKH SHULPHWHU RI D UHFWDQJOH P LQ WRZGLUHFWLRQ E\ P




































RYHU WKH SHULRG  WR  (DFK RFFXUV LQ 6HSWHPEHU
DQG 2FWREHU GXULQJ WKH VRXWKERXQGPLJUDWLRQ RI KXPSEDFN
ZKDOHV IURP WKH EUHHGLQJ JURXQGV LQ WURSLFDO ZDWHUV WR WKH
$QWDUFWLF IHHGLQJ JURXQGV %HKDYLRXU GLIIHUV EHWZHHQ WKH
QRUWKERXQGDQGVRXWKERXQGPLJUDWLRQVEXWLQRUGHUWRREWDLQ
DQDGHTXDWH VDPSOH VL]HZHKDG WR OLPLW WKHH[SHULPHQWV WR
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WKH VDPH PLJUDWLRQ 7KH VRXWKERXQG PLJUDWLRQ ZDV FKRVHQ




7KH ¿UVW WZR H[SHULPHQWV KDYH EHHQ FRPSOHWHG QHDU
3HUHJLDQ %HDFK RQ WKH VRXWKHUQ FRDVW RI 4XHHQVODQG 7KH





ZLOO EH RII:HVWHUQ$XVWUDOLD DQG ZLOO EH IXUWKHU RII VKRUH
DOORZLQJWKHXVHRIDIXOODUUD\EXWWRRIDURIIVKRUHIRUODQG
EDVHGREVHUYDWLRQV7KHDGYDQWDJHRIXVLQJWZRVLWHVLVWKDWLW
LQYROYHV WZR ODUJHO\VHSDUDWHSRSXODWLRQVRIZKDOHVDQG WZR
GLIIHUHQWHQYLURQPHQWV7KLVDOORZVXVWRJHQHUDOLVHWKHUHVXOWV
PRUH WKDQZHFRXOGXVLQJWKHUHVXOWVIURPRQO\RQHVLWHDQG
SRSXODWLRQ ,PSRUWDQWO\ WKH DFRXVWLF SURSDJDWLRQ DW WKH WZR
VLWHVLVGLIIHUHQWVRWKDWWKHUHODWLRQVKLSEHWZHHQUHFHLYHGQRLVH
OHYHO DQG GLVWDQFH IURP WKH VRXUFH GLIIHUV EHWZHHQ WKH WZR










7KH KDUG VWDUW XVHG VWDJH  RI WKH UDPSXS  FX LQ
WKHRUHWLFDOO\G%LQOHYHODERYHWKDWRIWKHFXLQDLUJXQ










DUHPRYLQJ LQ D JHQHUDO VRXWKERXQG GLUHFWLRQ WKHUH LV D ORW
RIPHDQGHULQJ)RUWKHUDPSXSDQGKDUGVWDUWWKHDUUD\ZDV
WRZHGIURPZHVWWRHDVW
([SHULPHQW  RII WKH ZHVW FRDVW LV LQWHQGHG WR PDWFK
DVSHFWV RI ([SHULPHQW  RII 4XHHQVODQG WR DOORZ XV WR
FRPSDUH WKH HIIHFWV RQ WKH UHVXOWV RI ZKDOH SRSXODWLRQ DQG
WKH HQYLURQPHQW HJ SURSDJDWLRQ %HFDXVH RI WKH JUHDWHU
GLVWDQFHIURPVKRUHLWZLOOQRWEHSRVVLEOHWRPDNHVKRUHEDVH











7KH %5$+66 H[SHULPHQWDO GHVLJQ IROORZV WKH ³EHIRUH
GXULQJDQGDIWHU´%'$PHWKRGLQZKLFKWKHWUHDWPHQWQRLVH
H[SRVXUH RU FRQWURO RFFXUV LQ WKH ³GXULQJ´ SKDVH ZKHUHDV
WKHUHLVQRWUHDWPHQWLQWKH³EHIRUH´DQG³DIWHU´SKDVHV(DFK
SKDVHODVWVIRUKH[FHSWIRUUDPSXSIRUZKLFKWKHWUHDWPHQW
ODVWV RQO\  PLQ 2EVHUYDWLRQV RI ZKDOH EHKDYLRXU DUH
FRQGXFWHGIRUDOOSKDVHVWKXVDOORZLQJDFRPSDULVRQEHWZHHQ
WKHSKDVHV7KHDLUJXQDUUD\LVWRZHGIRUWKH³GXULQJ´SKDVH





















7KH DLU JXQ YHVVHO 59 :KDOH 6RQJ D  P VKLS ZDV
RSHUDWHG RXW RI0RRORRODED WR WKH VRXWK RI WKH VLWH ,W DOVR
SURYLGHGDSODWIRUPPDERYHWKHZDWHUIRUREVHUYDWLRQVRI
ZKDOHV LQ WKH YLFLQLW\ RI WKH YHVVHO ERWK WR FROOHFW GDWD RQ
UHVSRQVHVDQGWRSURYLGHLQIRUPDWLRQUHTXLUHGWRHQVXUHWKDWQR
ZKDOHFDPHZLWKLQWKHH[FOXVLRQ]RQHVIRUVWDUWXSRURSHUDWLRQ
RI WKH DUUD\ 7KH H[FOXVLRQ ]RQH ZDV SDUW RI WKHPLWLJDWLRQ
SURFHGXUHV ZKLFK ZHUH EDVHG RQ WKH DYRLGDQFH RI 776 LQ
DFFRUGDQFH ZLWK WKH VDPH FULWHULD DV XVHG LQ WKH$XVWUDOLDQ
VHLVPLFJXLGHOLQHV>@
2EVHUYDWLRQV RI ZKDOH EHKDYLRXU ZHUH PDGH IURP ODQG






RQ RQH JURXS RIZKDOHV DQG IROORZLQJ LW IRU WKH HQWLUH WLPH
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REWDLQHGE\IRFDOIROORZPHWKRGV7ZRRU WKUHHIRFDOIROORZ
VDPSOHVZHUH REWDLQHG IRU HDFK WULDO DQG WKHVH SURYLGHG WKH
REVHUYDWLRQVIRUWKHDQDO\VLVRIUHVSRQVHDWULDOLVRQHWUHDWPHQW
ZLWKWKHVHWRIEHIRUHGXULQJDQGDIWHUREVHUYDWLRQV³6FDQ´
RU ³$G OLE´ REVHUYDWLRQV SURYLGHG WKH FRQWH[W IRU WKH IRFDO
IROORZJURXSVVXFKDVLQWHUDFWLRQEHWZHHQLQGLYLGXDOV
7KH WZRIRFDO IROORZVWDWLRQVDW WKHQRUWKHUQVLWH ORFDWHG
ZKDOHVDVWKH\FDPHSDVW1RRVD+HDGVDQGLQWRWKHQRUWKHUQ
SDUWRIWKHVWXG\DUHD*URXSVRIZKDOHVZHUHFKRVHQIRUIRFDO





$OO REVHUYHU WHDPV XVHG ODSWRS FRPSXWHUV WR UHFRUG




VKRZHG D PDS RI ZKDOH WUDFNV DQQRWDWHG ZLWK EHKDYLRXUV
$QJOHV IURP FRPSDVVUHWLFXOH ELQRFXODUV ZHUH DOVR XVHG
WR REWDLQ D OHVV DFFXUDWH SRVLWLRQ 9$'$5 DOVR DOORZHG
WKH FROOHFWLRQ RI ZKDOH EHKDYLRXUDO REVHUYDWLRQV ZLWKRXW D
FRUUHVSRQGLQJSRVLWLRQ7KHODSWRSVZHUHOLQNHGE\LQWHUQHWWR
D9$'$5FRPSXWHUDWWKHEDVHVWDWLRQ
7KUHH VPDOO ERDWV ZHUH DOVR XVHG IRU IRFDO IROORZ



















































:H DLPHG WR FKDUDFWHULVH WKH VRXQG ¿HOG WKURXJKRXW
WKH VWXG\ DUHD VR WKDW WKH VRXQG UHFHLYHG E\ HDFK ZKDOH
GXULQJDWULDOFRXOGEHGHWHUPLQHG:HKDGPXOWLSOHDFRXVWLF
UHFRUGLQJ V\VWHPV GHSOR\HG WKURXJKRXW WKH DUHD 5HFHLYHG
OHYHOPHDVXUHPHQWVSURYLGHGWKHGDWDWRGHYHORSDQHPSLULFDO
SURSDJDWLRQ ORVVPRGHOZKLFKFDQEHXVHG WR LQWHUSRODWH WKH
VRXQG ¿HOG EHWZHHQ DFRXVWLF UHFRUGLQJ V\VWHPV $FRXVWLF
SURSDJDWLRQLQWKHRFHDQLVYHU\YDULDEOH$OWKRXJKWKHUHDUH
D QXPEHURI SURSDJDWLRQPRGHOV WKDW FDQEHXVHG WRSUHGLFW
SURSDJDWLRQ LQ DQ DUHD WKH\ QHHG LQSXW RI HQYLURQPHQWDO






















$Q DUUD\ RI ¿YH K\GURSKRQH EXR\V ZDV PRRUHG RII
3HUHJLDQ%HDFK7KHEXR\VZHUHDUUDQJHGLQD7VKDSH)LJXUH
ZLWKVHSDUDWLRQRIDGMDFHQWEXR\VEHLQJDERXWP(DFK








7KH VLJQDOV IURP WKH EXR\V ZHUH UHFHLYHG E\ D <DJL
DQWHQQD PRXQWHG RQ WKH EDVH VWDWLRQ DVKRUH DQG FRQQHFWHG
WR D IRXUFKDQQHO W\SH  VRQREXR\ UHFHLYHU DQG D VLQJOH
FKDQQHOFXVWRPEXLOWVRQREXR\UHFHLYHU7KHRXWSXWVRIWKHVH
UHFHLYHUVZHUHVSOLWWKHVLJQDOVVHQWWRWZRGHVNWRSFRPSXWHUV
2QH GHVNWRS FRPSXWHU ZLWK ,VKPDHO VRIWZDUH >@ UHFRUGHG
WKHGDWDWRDQH[WHUQDOKDUGGULYH7KHVHFRQGFRPSXWHUXVHG
,VKPDHOVRIWZDUHWRWUDFNYRFDOLVLQJZKDOHVIURPWKHDFRXVWLF









*XLGHOLQHV >@ZKLFK LV FRQVLVWHQWZLWK WKH YDOXH FKRVHQ LQ
UHIHUHQFH
:KDOH WUDFNV GHWHUPLQHG IURP YLVXDO REVHUYDWLRQV DUH
QRWH[SHFWHG WRFRUUHODWHZLWK WKRVHGHWHUPLQHGDFRXVWLFDOO\
H[FHSW LQEURDG WHUPV9LVXDOREVHUYDWLRQVDUH OLPLWHG WR WKH
WLPHVZKHQWKHZKDOHLVDWWKHVXUIDFHEXWDFRXVWLFSRVLWLRQV
FDQ RQO\ EH GHWHUPLQHG ZKHQ WKH YRFDOLVLQJ ZKDOH LV










7ZR GULIWLQJ K\GURSKRQH EXR\VZHUH DOVR XVHG (DFK RI
WKHVH KDG D YHUWLFDO DUUD\ RI IRXU K\GURSKRQHV +LJK 7HFK
,QF+7,0,1VHWDWGHSWKVRIDQGP7KHVH
UHFRUGHGWRDQRQERDUGFKDQQHO6RXQG'HYLFHV7GLJLWDO








*/00 LQFRUSRUDWLQJ ¿[HG HIIHFWV FRYDULDWHV DQG UDQGRP
HIIHFWV 7KHVH DUH JHQHUDWHG XVLQJ WKH VWDWLVWLFDO VRIWZDUH
SDFNDJH µ5¶ 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ 7KLV
DQDO\VLV IROORZV FORVHO\ WKDW XVHG IRU SUHYLRXV SOD\EDFN
H[SHULPHQWVRQWKHHDVWFRDVW%HKDYLRXUDOUHVSRQVHYDULDEOHV




ZLWK DSSURSULDWH FKRLFH RI OLQN DQG GLVWULEXWLRQ IXQFWLRQV
GHSHQGLQJRQWKHGLVWULEXWLRQRIWKHUHVSRQVHYDULDEOH)L[HG
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SDWKH[SHULPHQWDOSHULRGEHIRUHGXULQJDQGDIWHUH[SRVXUH
DQGVRFLDOFRQWH[WJURXSFRPSRVLWLRQJURXSVRFLDOEHKDYLRXU
QHDUHVW VLQJLQJ ZKDOH DQG QHDUHVW QHLJKERXU &RYDULDWHV
RWKHUYDULDEOHV WKDWPLJKWDIIHFW WKH UHVXOWV LQFOXGLQJDUUD\
SUR[LPLW\ DUUD\ PRYHPHQW UHFHLYHG OHYHO DQG EDFNJURXQG
QRLVH ZLOO EH LQFRUSRUDWHG DV DGGLWLYH DQGRU LQWHUDFWLYH
HIIHFWV
5DQGRP HIIHFWV DUH WKRVHZKHUH WKH HIIHFWV DUH DVVXPHG
WR EH UDQGRPO\ VHOHFWHG IURP DQ LQ¿QLWH SRSXODWLRQ RI
SRVVLEOHHIIHFWV LQ WKLVFDVH WKHVHOHFWLRQRI WKHJURXSV WKDW
IRUP WKH VDPSOH 7KH YDULDQFH IURP WKLV µUDQGRP HIIHFW¶ LV
DOVR LQFOXGHG LQ WKHPRGHO7KH XVH RI DPL[HGPRGHO DOVR
DOORZV WKH LQFRUSRUDWLRQ RI WKH YDULDQFH DVVRFLDWHG ZLWK










ZKLFKPRGHO LH FRPELQDWLRQRI¿[HG IDFWRUV EHVW H[SODLQ














DQG WKH JHQHUDWLRQ RIPHDQLQJIXOPHWULFV RI EHKDYLRXU7KH
GDWDZHUHWKHQH[SRUWHGIURP9$'$5LQWR([FHOVSUHDGVKHHWV
ZKLFKZHUHVXEMHFWWRPRUHTXDOLW\FRQWUROSURFHGXUHVEHIRUH
EHLQJDSSHQGHG LQWRRQHFRPSOHWHGDWD VSUHDGVKHHW IRUHDFK
H[SHULPHQW7KLVKDVSURYHGWREHDVXEVWDQWLDOWDVNEHFDXVHRI
WKHODUJHQXPEHURIYDULDEOHVDQGREVHUYDWLRQDQGPHDVXUHPHQW
SODWIRUPV:HDUHQRZPRYLQJ LQWR WKH VWDWLVWLFDOPRGHOOLQJ
VWDJHDQGVRPHSUHOLPLQDU\PRGHOOLQJKDVEHHQGRQHWRFKHFN
WKHLQWHJULW\RIWKHSURFHVVHGGDWD











 7KH DLU JXQ VLQJDOV ZHUH UHFRUGHG RQ DQ 0$XGLR




FORVHU WR WKHDUUD\ DQG IRXQG WREHG% UH3DV7KH
PHDVXUHPHQWV KDYH QRW \HW EHHQ FRUUHFWHG IRU GLIIHUHQFHV
LQ WKHSURSDJDWLRQ ORVVEHWZHHQHDFKVWDJHGXH WR IUHTXHQF\
GHSHQGHQFHRIWKHSURSDJDWLRQODUJHUDUUD\FDSDFLWLHVWHQGWR
KDYHPRUHHQHUJ\DWORZHUIUHTXHQFLHV)UHTXHQF\GHSHQGHQW
SURSDJDWLRQ LV OLNHO\ WR YDU\ WKH UHODWLYH GLIIHUHQFH LQ OHYHO








PRVW RI WKH HQHUJ\ ZDV EHWZHHQ  +] DQG  N+] ³6W 'HY´ LV








   
   










LQFUHDVLQJ GLVWDQFH WKDQ REVHUYHG RYHU WKH UHVW RI WKH DUHD
7KHVH ZRXOG KDYH VLJQL¿FDQWO\ DIIHFWHG VRXQG H[SRVXUH RI
ZKDOHVRYHURUEH\RQG WKHSDWFKHV&RQVHTXHQWO\ D VHDEHG
VXUYH\ZDVFRQGXFWHG LQ WKH VHFRQG([SHULPHQWDQG WKLV
VKRZHGH[SRVHGURFNLQWKHSDWFKHVRIDQRPDORXVSURSDJDWLRQ
ORVV
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LQVSDFHZLWK WKHPHDVXUHGKLJK WUDQVPLVVLRQ ORVV W\SHVDQG
SURYLGHGDPDSRIDUHDVRIDQRPDORXVSURSDJDWLRQ
6800$5<
%5$+66 LV D PXOWLGLVFLSOLQDU\ EHKDYLRXUDO UHVSRQVH
VWXG\ LQYROYLQJ IRXUPDMRU H[SHULPHQWV LQ$XVWUDOLDQZDWHUV
LQ ZKLFK KXPSEDFN ZKDOHV DUH H[SRVHG WR YDULRXV OHYHOV
RI QRLVH IURP VHLVPLF DLU JXQ DUUD\V 7KH H[SHULPHQWV DUH
ORJLVWLFDOO\ FRPSOLFDWHG ,Q ([SHULPHQW  WKHUH ZHUH QLQH
VHSDUDWHEHKDYLRXUDOREVHUYDWLRQSODWIRUPVDQGVHYHQDFRXVWLF
UHFRUGLQJ V\VWHPV SURYLGLQJPHDVXUHPHQWV RI DZLGH UDQJH





6XFK D FRPSUHKHQVLYH SURMHFW UHVXOWV LQ D VXEVWDQWLDO
DPRXQWRIGDWDDQGFRQVHTXHQWO\VXEVWDQWLDOHIIRUWLVUHTXLUHG
WR FRQVROLGDWH WKH GDWD WR FRRUGLQDWH REVHUYDWLRQV EHWZHHQ
SODWIRUPVDQGIRUTXDOLW\FRQWURO6WDWLVWLFDOPRGHOOLQJLVQRZ
LQSURJUHVV
7KH DFRXVWLF PHDVXUHPHQWV VKRZ WKH LPSRUWDQFH RI
PHDVXULQJSURSDJDWLRQ LQ EHKDYLRXUDO UHVSRQVH H[SHULPHQWV
:LWKRXWWKDWZHZRXOGQRWEHDZDUHRIWKHKLJKORVVSDWFKHV
DQGZRXOGQRWEHDEOHWRDOORZIRUWKHUDSLGGHFOLQHLQUHFHLYHG
OHYHO DWZKDOHV RYHU RU EH\RQG WKHVH SDWFKHV UHODWLYH WR WKH
VRXUFH OHDGLQJ WR VLJQL¿FDQWO\ LQFUHDVHG XQFHUWDLQW\ LQ WKH
UHVXOWV
$&.12:/('*(0(176
:H WKDQN WKHPDQ\ SHRSOH ZKR KDYH FRQWULEXWHG WR WKH
%5$+66 SURMHFW DQG WDNHQ SDUW LQ WKH H[SHULPHQWV 0RUH
WKDQSHRSOHZHUH LQYROYHG LQ WKHH[SHULPHQWV VHHZZZ
%5$+66RUJDX IRU DOO QDPHV $QQH *ROGL]HQ SURYLGHG
DGYLFH RQ VWXG\LQJ DQLPDO EHKDYLRXU DQG 6LPRQ %ORPEHUJ
DGYLFHRQWKHVWDWLVWLFDOPRGHOOLQJ*HRNLQHWLFV,QF%ULVEDQH
SURYLGHGDQGRSHUDWHGWKHDLUJXQDUUD\IRU([SHULPHQW
%5$+66 LV IXQGHGE\ WKH -RLQW ,QGXVWU\3URJUDPPHRQ
(	36RXQG DQG0DULQH/LIH -,3 DQGE\ WKH8QLWHG6WDWHV
%XUHDXRI2FHDQ(QHUJ\0DQDJHPHQW %2(07KLV LVSDUW
RI WKH -,3 EURDG LQYHVWLJDWLRQ LQWR WKH SRWHQWLDO LQWHUDFWLRQ
EHWZHHQWKHVRXQGVWKDWDUHJHQHUDWHGE\WKHRIIVKRUHLQGXVWU\
DQG WKH PDULQH HQYLURQPHQW 7KH -,3 LV PDQDJHG E\ WKH
,QWHUQDWLRQDO$VVRFLDWLRQ RI 2LO DQG *DV 3URGXFHUV 2*3
7KH -RLQW ,QGXVWU\6SRQVRUV DUH([[RQ0RELO&KHYURQ(QL





>@ 1DWLRQDO5HVHDUFK&RXQFLO 15&0DULQHPDPPDO SRSXODWLRQV






>@ %/6RXWKDOO$(%RZOHV:7(OOLVRQ -- )LQQHUDQ5/
*HQWU\&5*UHHQH -U'.DVWDN'5.HWWHQ -+0LOOHU
3(1DFKWLJDOO:-5LFKDUGVRQ-$7KRPDVDQG3/7\DFN
³0DULQH PDPPDO QRLVH H[SRVXUH FULWHULD ,QLWLDO VFLHQWLILF
UHFRPPHQGDWLRQV´$TXDWLF0DPPDOV
>@ 'HSDUWPHQW RI (QYLURQPHQW :DWHU +HULWDJH DQG WKH $UWV
$XVWUDOLD (3%& $FW 3ROLF\ 6WDWHPHQW  ± ,QWHUDFWLRQ
EHWZHHQ RIIVKRUH VHLVPLF H[SORUDWLRQ DQG ZKDOHV DQG EDFN




H[SHULPHQWV LQ KXPSEDFN ZKDOHV 0HJDSWHUD QRYDHDQJOLDH´
-RXUQDORI([SHULPHQWDO%LRORJ\
>@ 'HSDUWPHQW RI (QYLURQPHQW :DWHU +HULWDJH DQG WKH $UWV
$XVWUDOLD0DWWHUV RI 1DWLRQDO (QYLURQPHQWDO 6LJQLILFDQFH
6LJQLILFDQW LPSDFW JXLGHOLQHV   (QYLURQPHQW 3URWHFWLRQ
DQG %LRGLYHUVLW\ &RQVHUYDWLRQ $FW   KWWSZZZ
HQYLURQPHQWJRYDXHSEFSXEOLFDWLRQVSXEVQHVJXLGHOLQHVSGI
>@ *0:HQ] ³$FRXVWLF DPELHQW QRLVH  LQ WKH RFHDQ VSHFWUD
DQGVRXUFHV´-RXUQDORIWKH$FRXVWLFDO6RFLHW\RI$PHULFD








>@ 5* &KLWWOHERURXJK ³'\QDPLFV RI WZR SRSXODWLRQV RI WKH
KXPSEDFN ZKDOH 0HJDSWHUD QRYDHDQJOLDH %RURZVNL´
$XVWUDOLDQ -RXUQDO RI 0DULQH DQG )UHVKZDWHU 5HVHDUFK 

>@ :+ 'DZELQ ³7KH VHDVRQDO PLJUDWRU\ F\FOH RI KXPSEDFN
ZKDOHV´:KDOHV 'ROSKLQV DQG 3RUSRLVHV HGV .6 1RUULV
8QLYHUVLW\ RI&DOLIRUQLD 3UHVV%HUNHOH\	/RV$QJHOHV SS

>@ 0-1RDG5$'XQORS'3DWRQDQG+.QLHVW³$EXQGDQFH
HVWLPDWHV RI WKH HDVW$XVWUDOLDQ KXPSEDFNZKDOH SRSXODWLRQ
 VXUYH\DQGXSGDWH´3DSHU WR WKH ,QWHUQDWLRQDO:KDOLQJ
&RPPLVVLRQ6FLHQWLILF&RPPLWWHH7URPV¡1RUZD\0D\
-XQH6&6+






ZKDOH SRSXODWLRQ HVWLPDWHV IURP 1RUWK:HVW &DSH:HVWHUQ
$XVWUDOLD´ -RXUQDO RI &HWDFHDQ 5HVHDUFK DQG0DQDJHPHQW

>@ 5 3DWHUVRQ DQG 3 3DWHUVRQ ³7KH VWDWXV RI WKH UHFRYHULQJ
VWRFN RI KXPSEDFN ZKDOHV0HJDSWHUD QRYDHDQJOLDH LQ HDVW
$XVWUDOLDQZDWHUV´%LRORJLFDO&RQVHUYDWLRQ
>@ '+ &DWR ³6RQJV RI KXPSEDFN ZKDOHV WKH $XVWUDOLDQ
SHUVSHFWLYH´0HPRLUVRIWKH4XHHQVODQG0XVHXP





H[SRVXUHV´ $33($ $XVWUDOLDQ 3HWUROHXP 3URGXFWLRQ DQG
([SORUDWLRQ$VVRFLDWLRQ-RXUQDO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>@ 0- 1RDG '+ &DWR 00 %U\GHQ 01 -HQQHU DQG
.&6 -HQQHU ³&XOWXUDO UHYROXWLRQ LQ ZKDOH VRQJV´1DWXUH

>@ .&6-HQQHU010-HQQHUDQG.$0F&DEH³*HRJUDSKLFDO
DQG WHPSRUDO PRYHPHQWV RI KXPSEDFN ZKDOHV LQ :HVWHUQ
$XVWUDOLDQ ZDWHUV´$33($ $XVWUDOLDQ 3HWUROHXP 3URGXFWLRQ
DQG([SORUDWLRQ$VVRFLDWLRQ-RXUQDO
>@ 5'0F&DXOH\-)HZWUHOO$-'XQFDQ.&6-HQQHU01
-HQQHU -' 3HQURVH 5,7 3ULQFH$$GKLW\D -0XUGRFK
DQG . 0F&DEH ³0DULQH VHLVPLF VXUYH\V DQDO\VLV DQG
SURSDJDWLRQ RI DLUJXQ VLJQDOV DQG HIIHFWV RI H[SRVXUH RQ
KXPSEDFN ZKDOHV VHD WXUWOHV ILVKHV DQG VTXLG´ ,Q $QRQ
(QYLURQPHQWDOLPSOLFDWLRQVRIRIIVKRUHRLODQGJDVGHYHORSPHQW
LQ$XVWUDOLDIXUWKHUUHVHDUFK$XVWUDOLDQ3HWUROHXP3URGXFWLRQ
([SORUDWLRQ$VVRFLDWLRQ &DQEHUUD SS   KWWS
ZZZFPVWFXUWLQHGXDXSXEOLFDWLQGH[KWPO
>@ 0-1RDGDQG'+&DWR³6ZLPPLQJVSHHGVRIVLQJLQJDQG
QRQVLQJLQJ KXPSEDFN ZKDOHV GXULQJ PLJUDWLRQ´ 0DULQH
0DPPDO6FLHQFH
>@ 5$ 'XQORS 0- 1RDG '+ &DWR DQG ' 6WRNHV ³7KH
VRFLDO YRFDOL]DWLRQ UHSHUWRLUH RI HDVW $XVWUDOLDQ PLJUDWLQJ
KXPSEDFNZKDOHV 0HJDSWHUDQRYDHDQJOLDH´-RXUQDORI WKH
$FRXVWLFDO6RFLHW\RI$PHULFD
>@ -1 6PLWK 5$ 'XQORS $: *ROGL]HQ DQG 0- 1RDG
³6RQJV RIPDOH KXPSEDFNZKDOHV 0HJDSWHUD QRYDHDQJOLDH
DUHLQYROYHGLQLQWHUVH[XDOLQWHUDFWLRQV´$QLPDO%HKDYLRXU

>@ 5$ 'XQORS '+ &DWR DQG 0- 1RDG ³<RXU DWWHQWLRQ
SOHDVH LQFUHDVLQJ DPELHQW QRLVH OHYHOV HOLFLWV D FKDQJH LQ






8S 0RGHOOLQJ 6WXG\ &XUWLQ 8QLYHUVLW\ &HQWUH IRU 0DULQH
6FLHQFHDQG7HFKQRORJ\3URMHFW&0675HSRUWQXPEHU
'HFHPEHU
>@ % 6FKDUI ³/RXGQHVV´ LQ (QF\FORSHGLD RI $FRXVWLFV HGLWHG
E\0-&URFNHU-RKQ:LOH\	6RQV1HZ<RUN9RO
&KDSWHUSS





>@ '.0HOOLQJHU ,VKPDHO 8VHU¶V*XLGH12$$7HFKQLFDO
0HPRUDQGXP2$530(/





















7KH UHJLVWUDWLRQ IHH ZLOO FRYHU HQWUDQFH WR WKH RSHQLQJ DQG FORVLQJ
FHUHPRQLHVGLVWLQJXLVKHGOHFWXUHVDOOWHFKQLFDOVHVVLRQVDQGWKHH[KLELWLRQ
DVZHOODVDERRNRIDEVWUDFWVDQGD&'FRQWDLQLQJWKHIXOOSDSHUV
7KH &RQJUHVV RUJDQLVHUV KDYH LQFOXGHG D OLJKW OXQFK DV ZHOO DV






WKH IROORZLQJ WKUHH GD\V ZLOO LQYROYH XS WR  SDUDOOHO VHVVLRQV
FRYHULQJ DOO ILHOGV RI QRLVH FRQWURO 0DMRU DUHDV ZLOO LQFOXGH
&RPPXQLW\DQG(QYLURQPHQWDO1RLVH%XLOGLQJ$FRXVWLFV7UDQVSRUW
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